Missouri University of Science and Technology

Scholars' Mine
International Conference on Case Histories in
Geotechnical Engineering

(1988) - Second International Conference on
Case Histories in Geotechnical Engineering

02 Jun 1988, 10:30 am - 3:00 pm

Openpit Mine Slope Stability – A Case Study
V. K. Singh
Central Mining Research Station, Dhanbad, India

B. D. Baliga
Central Mining Research Station, Dhanbad, India

B. Singh
Central Mining Research Station, Dhanbad, India

Follow this and additional works at: https://scholarsmine.mst.edu/icchge
Part of the Geotechnical Engineering Commons

Recommended Citation
Singh, V. K.; Baliga, B. D.; and Singh, B., "Openpit Mine Slope Stability – A Case Study" (1988). International
Conference on Case Histories in Geotechnical Engineering. 33.
https://scholarsmine.mst.edu/icchge/2icchge/2icchge-session3/33

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 License.
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.

Proceedings: Second International Conference on Case Histories in Geotechnical Engineering, June 1-5, 1988, St. Louis, Mo., Paper No. 3.13

Openpit Mine Slope Stability-A Case Study
V.K. Singh

B. Singh

Scientist, Central Mining Research Station, Dhanbad, India

Director, Central Mining Research Station, Dhanbad, India

B.D. Baliga
Asst. Director, Central Mining Research Station, Dhanbad, India

SYNOPSIS: For profitability steep overall slope angle is essential for openpit mines without
endangering the safety for the life time of the pit. Openpits have :been designed to depths of 150 to
2 00 metres. R>r optimum slope angles of the footwall and the hanging wall of a rock phosphate mine,
near Udaipur, Rajasthan ,
geotechnical investigation covering discontinuity mapping,.
analysis of data,testing of geo-mechanical properties in laboratory and in in-situ condition were
conducted. Slope monitoring was done by precise surveying instruments to give advance warning of
impending ground movement. On the basis of geotechnical studies the mine has :been designed with an
overall slope angle of 33 degrees upto 2.00 metres depth.
INTRODUCTION
Growing depths and increase in overburden rock
handling have :become recent characteristic features of openpit mining. The slope angle of an
openpit is the most important factor influcing
the profitability of deep mines.Data pertinent
to rock discontinuities, rock mass strength and
ground water pressure should :be collected and
analysed while reconunending optimum slope angle.

the overburden. This unit is important due to
the fact that it contains a thick :bed of phosphorite. At places silicification has taken
place in dolomitic limestone.
GEO-MECHANICAL PROPERTIES
For slope stability analysis geo-mechanical
properties of the slope forming rocks must be
known. In-situ shear tests were conducted in
the footwall and hanging wall side of the mine
by a specially fabricated equipment. Typical
test values of shear strength have been presented in Table- 1.

The rock phosphate mine near Udaipur in
Rajasthan is hill side mine proposed to operate
above the water table for the major part of the
life. The deposit extends over a strike length
of about 16 Jans. For the sake of convenience in
mining the deposit has :been devided into 12
blocks viz. A exten. A, B, ••••• K. Block - D
constitutes the most important in respect of
length, width, quality of the ore body. The
present case study is limited to this block
only which extends to a strike length of 1500
metres and average width of 20 metres. Dip of
the ore body varies from 30 to 50 degrees. At
present the depth of the block is 100 metres
with top reduced level of 580 metres. The predominant rock type is dolomitic limestone. The
paper describes the geotechnical study conducted for determining the optimum slope angle.

TABLE 1.

Shear Strength Parameters for the
Dolomitic Limestone
In-Situ Shear Strength Parameters

Sl.
No.

GEOWGY OF THE AREA
The area shows a succession of geosynclinal
sediments deposited during precambrian period
over an uneven surface of banded gneissic complex. The rocks of the block are of Pre-Aravalli and Aravalli system.Geological succession
of rocks in the area is as follows :

cohesion
I<Pa

1
2
3

9.807
11. 77
12. 75

4

11. 77

5
6

15. 70
11. 77

Friction Angle
( Degrees )
30
31
32
35
28
30

Till now no failure has taken place in block-D
mine, but few small (bench) failures in dolomitic limestone in block-Band E has taken
place. so, to check the reliability of in-situ
shear strength tests conducted in block - D.
back analysis of the small failures in block- B
and E has :been done. It was found that the
cohesion and friction angle comes to :be 5.2 to
9.8 I<Pa and 24 degrees to 28 degrees respectively. Although dolomitic limestone is highly
weathered in block-Band E, while in block - D
it is not weathered to that extent. So, the

Aravalli System

Dolomitic and silicified
limestone, Phosphorite,
Dolomitic, ferruginous, and
siliceous limestone,
Quartzites.
--- Uncofo!='ffl!ty --Pre-Aravalli
Banded gneissic complex
Dolomitic limestone is a predominent lithounit
in the area and as such constitutes the bulk of
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most appropriate value of cohesion and fric tion angle of dolomitic limestone for block- D
of rock phosphate mine was considered to be 9.8
I<Pa and 30 degrees respectively, which was used
for slope stability analysis. The unit weight
of dolomitic limestone was measured in laboratory, which comes to be 24.52 KN/m3.

ROCK PHOSPHATE MINE
BLOCK• D
UNlAX!AL COMPRESSIVE STRENGTH
MEAN VALUE • 72•35 MPa
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The histogram of compressive strength of
dolomitic limestone (Fig. 1) of the block show
high strength to low strength rock (Bieniawski,
1973).
o 'cVH,_,H,-,,..,.M~L~V~L-

GEOTECHNICAL STUDY CONDUCTED

LEGEND

STRENGTH CLASS1F1CATl0N
VH • VERY HIGH STRENGTH ( :--200MPal

Data pertinent to rock structures of the mine
were collected from field to evaluate the type
of failure which is likely to take place during
the life of the mine.

H • H1GH STRENGTH C.100· 200 MPu)
M $ MEDIUM STRENGTH C.50· 100 MPa)
L , LOW STRENGTH
( 25-50 MPa)

VL•VERY LOW STRENGTH C<2SMPa l

FIG.! HISTOGRAM FOR COMPRESSIVE AND TENSILE STRENG~·
OF DOLOMITIC LIMESTONE

Around three hundred joint data were recorded during field work. Joint poles were plotted
on equatorial equal-area stereonet and then
contoured to get contourplot of the joint poles
(Fig. 2). It shows the existence of four joint
sets in D-block. The dip amount and dip direction of different sets which are identified
from this plot is presented in Table- 2.
TABLE 2.

ROCK PHOSPHATE MINE
BLOCK 0

Joint Sets with Dip Amount and
Direction

ij".':·

"(.\''

Joint Set
No.
Jl
J2
J3
J4

Dip Amount
( Degrees )

Dip Direction
Degrees )

74
40
66
80

..

.. - - .....
- .... - ... - - -

.

~

~

~

172
055
N 245
N 301

N

N

INDEX

->3"6t
Q 2"4•3"6,

8

All these joint sets have been analysed with
respect to different slope angles to recognise
joint sets likely to cause failure (Fig. 3).
For this analysis slope direction for the footwall and hanging wall was taken to be N 30
degrees E and S 30 degrees W respectively.

FIG.~ STEREO CONTOUR PLOT OF JOINT POLES

Wedge Failure Analysis

ROCK PHOSPHATE MINE
BLOCK- D

The essential condition for the wedge failure
is - the inclination of the slope face should
always be more than the dip of the intersection
line of the two joint planes, forming· the wedge,
which in turn should always be more than the
angle of internal friction of the rock in which
the wedge has been formed.

N

From Fig. 3 it is clear that total six
wedges have been fonned (w1 to w6 ) with four
joint sets, mentioned in table 1. The only
wedge fulfilling the essential condition for the
wedge failure is w, i.e., it is unfavourably
oriented in the slbpe, rest of the five wedges
are favourably oriented in the slope and failu;ce
along them are unlikely.
Wedge failure analysis of
done separately (Fig. 4) and
has been presented below.

r2 -2·4t.

8<1"21.

w

thl

w

E

-Ii ,----'-'""---,"t:'.'-

wedge has been
calculation

s
r1G. 3 Sl!REOPLOT FOR THE AlilLYSIS OF TYPE Of 1'&11..111£
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Input data available from fig. 4 are 0

0

Va= 40, Vb= 80 •

e 2.4=
e 3.s=

28°,

e 4.5=

Vs•
24° '

0

ROCK PHOSPHATE MINE
BLOCK 0

0

36, Yna.nb= 8s,

e2.na=

90° '

N

e1.3=

600, I'\~l.nb= 740 •

Input data available after testing of geomechanical properties of dolomitic limestone
are -

= 30°,
= 24.52 KN/m3 , C = 9.8 KPa
Factor of Safety (F) (Hoek and Bray, 1981) isFor Wet Slope

¢

3 C

Fmy°H(X

+Y)+
+

Tan¢
Tan ¢ ••

(1)

For Dry Slope -

FIG.lj-STEREOPLOT FOR THE ANALYSIS OF WEDGE FAILURE
ALONG W1 WEDGE

Plane Failure Analysis
It occurs along a single discontinuity plane
which strikes parallel to the slope face and
dips in to the excavation at an angle greater
than.the angle of friction. From fig. 3 it is
clear that not a single discontinuity fulfils
the above mentioned criteria. So, for an overall slope angle of 33 degrees plane failure is
unlikely.
Toppling Failure Analysis
Note:

na and nb are poles of plane J 2 and
J 4 respectively, which form w1~edge.
(2) Va•Vb and Vs are dip amount of plane
J 2 ,J4 and the line of intersection of
J 2 and J 4 planes respectively.

(1)

From equation 1 and 2 the
wedge in wet condition
aft overall slope angle of
dry condition (when slope
comes to be 0.9.

w1

Steeply dipping joint sets (J1 & J 4 ) either
alone or in combination with the shallow dipping joints may cause toppling failure.Blasting
vibration and water pressure behind the joints
may assist in getting the blocks loose from the
slope. The only remedy of this instability is
periodic loose dressing of slope faces to get
rid-off loose hanging blocks.
BENCH SLOPE AND OVERALL SLOPE

factor of safety of
comes to be 0.4 at
40 degrees and in
is fully drained) it

Rock phosphorite is a low cost mineral,Economics dictates steep slopes from the starting
stage to that of ultimate slopes. The design of
pit slopes and bench slopes is dictated by the
Indian Mines Regulation during the major part
of the operations. Before 1976 the phosphorite
had been mined for 50 to 60m without cutting
any benches in the footwall and the benching of
the footwa1l was insisted upon.

so, the overall slope angle of 40 degrees
is not safe, even if the slope is fully drained
• The only solution to the problem is to go for
a flatter slope. From fig. 3 it can be seen
that for overall slope angle of 35 degrees the
line of intersection of W1 wedge does not daylight in the slope face and also does not fulfill the essential condition for wedge failure.

The individual benches were designed according to the predominant joint dip and the maximum digging height of shovel employed. The height, width and slope angle of individual bench
were adopted to be 10m, 6m and 75-80 degrees
respectively.

For 35 degrees slope angle W1 wedge is no
more u!jstable and the slope is free from any
wedge failure. so, 35 degrees overall slope
angle comes to be safe for the 200m depth of
the mine, from this analysis. To account for
weathering effect and damage
due to production blasting it was decided to have 33
degrees overall slope angle.

This pattern gives an overall slope angle
of 45 degrees. To reduce the overall slope
angle, as deciphered after ana1ysis of geological data, bench width has been increased to
10-12 metres after every 30 metres for safety
berms or transport berms to get 33 degrees overall slope angle.
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Experiments are being carried out with
steep bench slopes as the rock discontinuity
in the footwall dips predominantly vertical.
It has also been planned to experiment with
double benching at the final stage of mining.
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Slope monitoring should be done at all stages
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individual parts of the deforming mass, and
the effect of climatic and hydrogeological
conditions on increased speed of displacement.
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Slope monitoring of the footwall slopes was
Chill side) done by using Wild DI 4 Electronic Distance measuring (EDM) instrument and
Wild NA2 Precise level. One year intensive
monitoring did not show any movement.
Inclinometers are likely to be installed
in drill holes below 500m R.L. to know sub surface movements. Installation of Piezometers
in drill holes below 500m R.L. have been
planned to establish water pressure and to
monitor change in level of ground water during
mining.
CONCLUSION The rock phosphate mine, near Udaipur in Rajasthan has been designed to 200 metres depth
after extensive oeotechnical studies. Ceomechanical properties of rocks were determined
in laboratory and in in-situ condition, and
collection of geological data related to slope
stability of the pit. The results obtained fron
geotechnical study were utilized for slope
stability analysis to get maximum safe slope
angle for the openpit, which come, to be 33
degrees for 200 metre depth.
Slope monitoring work was also done to
ensure the stability of slopes by very precise
surveying instruments. Till date no failure
has taken place in the pit. At present the
depth of the pit is 100 metres. Slope monitoring should be continued with growing depth of
the pit. It is recommended that proper drainage
pattern should be adopted in and around the pit
so that no water should enter in the slope
which is very detrimental to the slope stability. Drainage as well as blasting pattern
should also be suitably modified time to time
depending upon the requirements as the pit goes
to greater depth. Periodically loose dressing
of the slope face should also be done to ensure
the safety from toppling or sliding of loose
hanging blocks in slope face.
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